TITLE OF THE INVENTION 
Current Collector with Penetrated Holes of Complicated Shape 
for Use in Secondary Battery and Manufacturing Process Thereof 

BACKGROUND OF THE INVENTION 
5 1. Technical field of the invention 

The present invention relates to a current collector for 
use in a secondary battery, particularly in a lithium secondary 
battery or lithium- ion battery , and to a manufacturing process 
thereof . 
10 2. Prio^: artj/ 

ytf^ secondary battery essentially comprises a positive 
electrode, a negative electrode, a separator for insulating the 
positive electrode and the negative electrode from each other, 
and an electrolyte for making it possible to move ±o^between 
15 the positive electrode and the negative electrode • The positive 
electrode and the negative electrode are formed by coating the 
surface of a current collector of metal foil with an optional 
active material. For example, in the lithium ion battery, a 
current collector of aluminum foil coated with an active material 
20 containing lithium cobaltate , etc . is used as a positive 
electrode, and a current collector of copper foil coated with 
an active material containing non-graphitizable carbon, etc* is 
used as a negative electrode. 

Generally, there has been a problem that when coating a 
25 surface of a metal foil such as aluminum foil or copper foil with 
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active material* the metal foil and the active material are 



15 



difficult to ber-jrfiL Oy i d L eU ui ^ttdch ed w i th each other, and the 
active material is relatively easy to drop out. in the 
preparation of a secondary battery, if a part of the active 
material drops out at the time of winding the positive electrode 
and the negative electrode, there arises a problem of not being 
able to obtain a secondary battery of a desired capacity. If a 
part of the active material drops out after the preparation of 



the secondary battery, there arises another problem that/charge 
10 and discharge capacity of the secondary battery is gradually 
reduced. 

To cope with this problem, it has been conventional to use 
a binder which in the active material has a good affinity with 



the metal foil. Further, it ha^s ^ >een also conventional to use 
a metal foil at which a surface* has a good affinity with an optional 
binder. For example, the Japanese Laid-open Patent Publication 



(unexamined) Hei 7-201332 discloses a technique in which anazole 
film such as benzotriazole is formed on a surface of a copper 
foil, thereby improving the integration between a binder of the 
20 active material and the copper foil, and preventing the active 
material from dropping out. 

On the other hand, being different from the mentioned 
method, another technique is also known, in which the active 

¥? 



material is prevented from dropping out by forming 
25 holes through the metal foil and integrating the active material 
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for coating front and back sides of the metal foil through these 
\( ^^^fe ga holes* It is certain that, in this method, as the 

active material, etc. on both sides are integrated through the 
holes, the active material, etc. are effectively 
prevented from dropping out. But the adherence between each 
periphery or each inner wall of the ^f^t holes and the active 
material , etc . or adherence between the metal foil and the active 
material, etc. still remains insufficient, and therefore if a 
large external force is applied, there is a possibility that a 
10 part of the active material Hrop& /out . 

SUMMARY OF THE INVENTION 
The present invention i ntends to - p r e vent effectively the 
active material from dropping out by improving the adherence 
between each periphery or each inner wall of th^^$e^^^^holes 
15 and the active material, etc. To improve fehe adherence, the 
jf present invention adopts the following manner. That is, the 

active material is intruded to each periphery or each inner wall 

of ^ymm^ 

holes which are formed into a complicated shape 
^ (i.e. , holes of complicated^^s^f . ^ 

20 More specifically, the^w^rtion relates to a current 




collector provided with j^ ^k^teA ^ holes of complicated shape 
for use in a secondary battery, and to a manufacturing process 
thereof , characterized in that the current collector comprises 
a metal foil provided with a large number pf^***^-^"^ 



25 and supposing that an area of a $ & f &$6fi&& 'fic&e is S, 
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length of the /^e rfeLldLtAl hole is M, and a /perlphog y length 
tt^iro«mfgr%nee length) of a virtual circle having the area S 




of theyg«?6€KESkhole is N, each ^e^x^fc^iole satisfies the 
conditions of 0. 05^S^50 and 1.30^M/N^100. The dimension of 

s isT me, and each dimension of M and N is. mm. 

A 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 



In the^Lnvention, an aluminum f oil , ah aluminum alloy foil, 
A 



\&. invention, 
A 

a copper foil or a copper alloy foil is used as a metal foil forming 
the current collector. Generally in the lithium secondary 

10 battery or lithium-ion battery, the aluminum foil or the aluminum 
alloy foil is used as a current collector for forming the positive 
electrode, while the copper foil or the copper alloy foil is used 
as a current collector for forming the negative electrode, in 
the^invention, the current collector can be prepared by using 

15 a metal foil other than aluminum foil or copper foil. *eeat*se 
the secondary battery, a metal other than aluminum or copper 



ll . Thiolthogp oi 



is also used to form a metal foil. ThioRhoos of the current 
collector may be in the range of 5 to 100 At nvjand is usually in 
the range of 8 to 30 At m. The current collector made of an aluminum 
20 foil used in the lithium secondary battery or lithium-ion 
battery is preferably in the range of 10 to 30 n m, and the current 
collector of a copper foil is preferably in the range of 8 to 
25 At m. As for the copper foil , both rolled copper foil (obtained 

by rolling method) and electrodeposited copper foil (obtained 

A 
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byj^electrodepositing methcxi) may be preferably used. The 
(^invention is featured ^/each hole which is provided 

through the current collector-^^ef has a specific shape. First 
of all, the area S of Bacb/ ^A ^ ^ ^^t hole is in the range of 
5 0.05 to 50 mm 2 . The area, of the^i^^^M hole means an area 
occupied by each 7 ^t^^^^ hble when the current collector is 
placed horizontally and seen from vertically above . Accordingly, 
the area S of a / ^^^^^^hole can be easily obtained by taking 
a microphotograph from vertically above and using such means as 
10 visual image analysis of the photographedy ^^^^ ^ d -hole. If 
the area of the ^rc&^t^^ hole is smaller than 0.05 mm 2 , the 
active material, binder, etc. are difficult to get into the 
!-fc?rt€fd hole, the active material, etc., are difficult to 
to the periphery or inner wall of the penetrated hole, 
15 the adherence between the current collector and the active 
material, etc. is lowered, and a part of the active material is 
easy to drop out, which is not desirable. If the area; of the 



hole exceeds 50 mm 2 ,^bbtal area of the^^Se^S^^& holes 



\ mechani 



in the current collector becomes excessively large mechanical 
strength of the current collector is reduced^and there is a 
possibility that the current collector is fractured at the time 
of preparing the secondary battery by winding the current 
collector. 

Invthe ^second place, supposing that a periphery length ^ 
25 S^xLy^v^iUii^ length) of the M^S^d^§ hole is M, and a 
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length of a virtual circle having the area S of the 

. , I'M 

g oncH ^ r - crt resy hole is N, a value M/N is required to be in the range 
of 1.30 to 100. In this respect, the periphery length M can be 
easily obtained by taking a microphotograph of each/^fifeftraiEear 
5 hole and measuring an actual size by means of visual image 
analysis. On the other hand f the^^^ ^^^ ^ length N of the 
virtual circle can be obtained by measuring the area S of the 
hole f calculating a value r from an expression S = 
7t r 2 , and further calculating 2 k r which is N. in th& invention, 

10 the value M/N must be in the range of 1.30 to 100 . If the value 
M/N is smaller than 1 .30 , any complicated shape of the periphery 
of theT ^^^^^^ hole cannot be achieved, the active material, 
etc. are dxf f icult to^be intrudea t o * the periphery, the adherence 
between the end edge periphery and the active material, etc. 
15 becomes insufficient, and a part of the active material is easy 
to drop out, which is not desirable. If the value M/N is larger 
than 100, the effect of prevention of dropping out of the active 



material is saturated and ^ro^^^roved any more 




20 



The shape of the ^ei^raifeffi^ hole . provided through the 
current collector according to the^invention is not a regular 



form such asrfcircle, equilateral polygon /Equilateral square, 
^equilateral triangle^ ellipse, etc. but an irregular form of 
complicated shape as shown in Figs. 1 and 2, for example. /In the 
shape shown in Fig. 1, at the periphery of the^^i^^^^^^ole, 
25 there are several portions each forming a wedge shape and 
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intrudin^xnto the metal foil . The active material , etc . intrude 
to these portions , whereby the adherence between the periphery 
and the active material , etc . is improved ♦ In another shape shown 
in Fig. 2 , at the periphery of the j0m%MMi& hole , there are 
indented portions , and the active material , etc . intrude to these 
indented portions, whereby the adherence between the periphery 
and the active material , etc. is improved. The shape of the 

is not limited to that shown 




WJj&j&j^ holes in thei^^fvention ii 



in Figs. 1 and 2, and any other shape may be adopted as far as 
10 the value M/N is in the range of 1.30 to 100 , as a matter of course. 
When the M/N remains in the mentioned range, each periphery of 
thy ^ ^ CT^ t e^ oles becomes a relatively complicated shape, and 
the adherence between the periphery and the active material , etc . 
is improved. It is to be noted that the current collector is 
15 provided with a large number of such ^^e§^^^holes of 
complicated shape, and therefore a pitch between the penetrated 
holes which adjoin each other may be about 0.5 to 10 mm, and the 
density of the ^fe^ ^^holes may be about 1 to 400 holes/cm 2 . 
The current collector for use in a secondary battery 
20 according to the? invention is useful as far as a large number 
°f ^n^feiC^ fholes of complicated shape are provided, 
irrespective of the manufacturing method of the current 
collector. However, the following embossing method is most 
preferable as the manufacturing method. First, a metal foil 
25 without ^ole such as copper foil without, hole or aluminum foil 
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without/hole is prepared, in this respect , "without^hole" means 



that there is no >^ ^1>fa^o^ hole having the mentioned area of 
0.05 to 50 mm 2 , and does not mean that there is no pinhole* 
Accordingly , even if there is any pinhole of a very small diameter, 
the metal foil having such a pinhole is classified into the metal 
foil without^*hole . 
, The metal foil without *%ole is caused to pass through 

A A 

^between a concavo-convex roll having a large number of convex 

A 

parts and a smoothing roll under a predetermined pressure. The 
convex parts of the concavo-convex roll press the metal foil 
without^hole, whereby the metal foil without hole is broken in 
the pressed points. The operation of such breakage is different 
depending on the pressure. For example, if the pressure is set 
to be relatively low, the breakage shows a condition that the 
metal foil is torn off, and J^i^^^^^ ^oles (of complicated 
shape) formed by tearing of f the metal f oil are obtained. That 
is , a ^^^^&^ tholB as shown in Pig . 1 is obtained . On the other 
hand, if the pressure is set to be relatively high, the breakage 
shows a condition that the metal foil is punched, and 
holes (of complicated shape) formed by punching the metal foil 
are obtained. That is, a penetrated hole as shown in Fig. 2 is 
obtained. Dif f erenceSin the operation of breakage when setting 
the pressure to a certain value occurs depending on kind of the 
metal foil , material of the concavo-convex roll, material of the 
smoothing roll, rotation speed of the concavo-convex roll and 



8 
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the smoothing roll, and is not fixed, 

of the concavo-convex roll is generally a metal, 
and that of the smoothing roll is generally an elastic roll such 
as, rubber roll. As the smoothing roll is an elastic roll, the 

A 

5 convex parts of the concavo-convex roll can easily intrude *aat 
the elastic roll, and the metal foil withoutj^ole becomes easy 
to be provided with ^A ^ ^^ &i. holes . A large number of convex 
parts are provided on the surface of the concavo-convex roil so 
that the metal foil without^hole is provided with a large number 

10 of 0^^tr^^^ holes . It is not always necessary that each top 
end of the convex parts is a complicated shape, but the top end 
may be a regular shape such as^circle ^square f ^triangle ^polygon, 
etc. The top end of the convex parts may have any area, and is 
preferably in the range of about 0,05 to 50 mm 2 . 

15 By passing the metal foil without^Kole through between the 

concavo-convex roll and the smoothing roll, the metal foil 
without^hole is converted into the metal foil with 




holes of complicated shape, and sometimes any burrs may be 
produced on the back side (i.e., on the surf ace where the metal 
20 foil comes in contact with the smoothing roll) of the metal foil 
at each periphery of the ypSnfertn^rtea holes. In particular, when 
the pressure between the concavo-convex roll and the smoothing 
roll is set to be relatively high, the burrs are daffy to - bo produced. 
If there are any such burrs , the current collector for the positive 
25 electrode and the collector for the negative electrode may 
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contact each other by passing through the separator and there 
is a possibility of fshort circuit in the secondary battery. 
Accordingly , the burrs may be left as they are when the extent 
of projection of the burrs is small , but are generally removed. 
As a method for removing burrs, for example , the metal foil 
provided with the |^S^^edZholes is caused to pass through 
between a pair of metal smoothing rolls. That is, as the pair 
of metal smoothing rolls press the metal foil provided with the 
? ;r^/.r^, h 0 i es at any, pressure, burrs produced on each 





_ itm.. . 

periphery of the^a e irraESeh holes are forcibly pushed into the 
inner wall side of the periphery. As a result, burrs produced 
on each periphery of the J ^i^Jx^^d i holes are successfully 
removed. 

In the mentioned manner f a current collector comprising 




a metal foil provided with a large number of J ^M^^ ^Jholes 
of relatively complicated shape is obtained. This current 
collector is preferably used as a current collector for a 
secondary battery such as lithium-ion battery, lithium metal 
battery , polymer battery, etc. The current collector is also 
preferably used as a current collector for a secondary battery 
other than the lithium secondary battery. 

In the current collector for a secondary battery comprising 



a metal foil provided with a large number ot ^S^^MeSJ holes 
according to ther; invention , since each periphery of the 
holes has a complicated shape, the active material, 
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binder , etc. coating both sides of the current collector intrude 
f\C each periphery or each inner wall of the j^ ^ ' ^^i^ jtxolBS , 

and the active material , etc. on both sides are integrated. 
ft- Accordingly, an advantage is p egToii i ^d such that the adherence 



between the active material f etc., and each periphery of the 




holes is improved, and the active material, etc. 
applied to both sides of the current collector are difficult to 
drop out. 

As a result, at the time of winding the current collector 
10 (for the negative or positive electrode used in the secondary 
battery) coated with the active material, etc. and preparing a 



secondary battery, a further advantage is £8£#e^m^ such that 
^/the active material, etc. drop-out Mttl e, and a secondary battery 
having a desired capacity can be easily prepared. Furthermore, 
15 after preparing the secondary battery, the drop out of the active 
material , etc . or the separation of the active material , etc . 
and the current collector from each other can be successfully 
prevented, whereby ^fche reduction in the charge and discharge 
capacity is prevented and a life of the secondary battery is 
20 prolonged. / 

The current collector according to the^invention can be 
easily and reasonably obtained just by passing the metal foil 
without^fiole through between the concavo-convex roll and the 
smoothing roll. By further passing through between a pair of 
25 metal smoothing rolls after passing through between the 



11 



lin\ 'J W.6I "OH 



IN31VJ IXMIHS VMMO 



mm mu tm\ 



concavo-convex roll and the smoothing roll , even if any burrs 
are produced on each periphery edge of the^ ^^^& oles , the 
burrs can be easily and reasonably removed. Consequently , by 
adopting the above-dpscribed method , the current collector 
according to the^rivention can be efficiently obtained at a 
relatively low cost* 



BRTSF DB5CRTPT?eN OF TOE DRftWtWQS 
ELig ^ 1 is an enlcT Kffed vie"^ u£ a surface of - 
i^oitector^-acco rdi i ig — Lo an example of Lh e ii i vuiiLi u u, all o wi ng 
sche matically a sl taperxyf"a"^8Yretrrat e^ holy. 

Pi g , 2 is al so-att-e nlarg e d - view of a - surf aoo - of - a -cttggettt 
coJrlectur" aee ording to an - e x ampl e - of the ■ invention > c howin g 
9ei iematloally --a~sft afre pt anctliei pane tgafeed hole. 

EXAMPLES 

Several examples of the ( invention are hereinafter 



described , but th^xiiv^ntion is not limited to a&ese examples/ 
Th^invention should be understood or interpreted based on the 



^jrvv^ntion is not limited to 



idea that, as each periphery of a large number of^^^^^^^holes 
provided through a current collector is formed into a specific 
complicated shape , the active material, etc. coating both ends 
of the current col^ctor intrude J^each periphery or each inner 
wall of the j?onotraf offi holes and become difficult to drop out. 

EXAMPLE 1 

First, a rolled copper foil without^iole of 25 cm in width 
300 min length and 18 ix min thickness was prepared . This rolled 
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copper foil was caused to pass through between a later-described 
concavo-convex roll and a smoothing roll at a feed speed of 20 
m/min under a pressure of 7.5 kgf/ntm. The mentioned concavo- 
convex roll has convex parts each of which adjoin each other at 
5 a pitch of 5 mm in both cross direction and length direction, 
and a top end of each convex part is formed into a circle having 
a diameter of 0 . 8 mm. This concavo-convex roll is made of a metal , 
and its roll diameter is 200 mm and its roll width is 300 mm. 
On the other hand, the smoothing roll is made of a rubber roll 
10 of which surface is coated with NBR (Neobutadiene Rubber) , and 
its roll diameter is 250 mm and its width is 300 mm* 

As a result, the rolled copper foil without^Tiole was 



provided with jP8»a«fl holes at the points corresponding to 
the convex parts of the concavo-convex roll. Each shape of the 
15 penetrated holes was similar to that shown in Fig* 1. Then, as 
a result of measuring and calculating an area S of eacljp^l^ 





hole, a periphery length M of the/ gefiof^iCe ^^ole , and a periphery 
length N of a virtual circle having the area S, it was found that 
s = 0 . 5 0 mm 2 and M/N =2.5. When coating both s ides of this current 
20 collector with a mixture of an active material comprising a 
non-graphitizable carbon and a fluoride binder, drop out of the 
active material was little, and a current collector preferably 
used as a negative electrode of a lithium- ion secondary battery 
was obtained. 
25 EXAMPLE 2 
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In the same manner as Example 1 , except that the pressure 
between the concavo-convex roll and the smoothing roll was 20 
kg/mm, a copper foil provided with^^^^^S^l holes at the points 
corresponding to the convex parts of the concavo-convex roll was 
obtained . Each shape of th^^^^^^Toles was similar to that 
shown in Fig. 2, and relatively large burrs were formed on the 
back side of the copper foil (i.e. , on the surface of the copper- 
foil in contact with the smoothing roll) at each periphery of 




the holes The copper foil with the ^ii^^^^^ioles 
10 was caused to pass through between a pair of metal smoothing rolls 
(of which each roll diameter was 250 mm and roll width was 300 
mm) under a pressure of 4.4 kgf/mm at a feed speed of 20 m/min. 
as a result , burrs formed on the back side of the copper 



foil at each periphery of the^^eftrateiS^ioles were almost removed, 
15 in the same manner as Example 1 , S, M and N were measured and 
calculated, and it was found that S - 0.50 mm 2 and M/N = 3.5. 
When coating both sides of this current collector with a mixture 
of an active material comprising a non-graphitizable carbon and 
a fluoride binder , drop out of the active material was little , 
20 and a current collector preferably used as a negative electrode 
of a lithium- ion secondary battery was obtained* 

COMPARATIVE EXAMPLES 1 TO 4 
The same rolled copper foil as used in Example 1 was 
provided with a large number of circular J 0t(Q^t^^ holB3 of 0.50 
25 mm 2 in area by punching , and a current collector was obtained 
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(Comparative Example 1 ) . in the same manner, current collectors 
respectively provided with a large number of equilateral 




polygonal £eiiSa&&e& holes (Comparative Example 2), 
equilateral square p ffi e ^ ate d^ oles (Comparative Example 3) , and 
equilateral triangular j^o W t ^t o d holes (Comparative Example 4) 
were obtained . Injcase of the circular p ^£ra(£i ^oles> M/N was 
1.00; incase of the equilateral polygonal^ ^^^^ e ^ feles , M/N 

©les, 



Ik 



was 1.05; in case of the equilateral square / }^e«Sa%e«%oles , 
M/N was 1.13; and in case of the equilateral triangular ^nWr^Le^ 
10 holes, M/N was 1.29. 



When coating each, both sides bfjthese four kinds of current 
collectors with a mixture of an active material comprising a 
non-graphitizable carbon and a fluoride binder, drop out of the 
active material was ms&r as compared with Examples 1 and 2. 
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